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This r e p o r t  p resents  t h e  percentage l e v e l s  of wind speed d i f f e rences  computed from 
The r e s u l t s  a r e  based on monthly pro- s equen t i a l  FPS-16 radarPJimsphere wind p r o f i l e s ,  
f i l e s  obtained from December 1964 t o  J u l y  1970 a t  Cape Kennedy, F lor ida .  The p r o f i l e  
sequences con ta in  a series of t h r e e  t o  t e n  Jimspheres r e l eased  a t  approximately 1.5-hour 
i n t e r v a l s ,  The r e s u l t s  given a r e  t h e  pe r s i s t ence  a n a l y s i s  of wind speed d i f f e rence  a t  
1.5-hour i n t e r v a l s  t o  a maximum t i m e  i n t e r v a l  of 1 2  hours,  Tables l a  through 12e a r e  
the monthly percentage l e v e l s  of wind speed d i f f e rences  and Tables 13a through 13e a r e  
the  annual percentage of wind speed d i f f e r e n c e s ,  
The percentage l e v e l s  a r e  based on the  s c a l a r  wind speed changes ca l cu la t ed  over 
an a l t i t u d e  i n t e r v a l  of approximately 50 meters and p r in t ed  out  every 25 meters a s  a 
func t ion  of i n i t i a l  wind speed w i t h i n  each f ive-ki lometer  l aye r  from near sea l e v e l  t o  
20 km. I n  add i t ion ,  analyses  were made of t he  wind speed d i f f e rences  f o r  t h e  0,2  t o  
1 km layer  a s  an a id  f o r  s t u d i e s  assoc ia ted  wi th  take-off and landing of the  Space 
Shu t t l e .  The r e s u l t s  may be used as an  a i d  t o  (1) p r e d i c t  s t a t i s t i c a l  wind speed change 
l i m i t s  of lower and upper l e v e l  winds, (2)  provide an understanding of the  s t a t i s t i c a l  
p r o b a b i l i t i e s  of wind speed changes a s  a func t ion  of  t i m e ,  and (3) apply the  da ta  i n  the 
s t u d y  of winds a l o f t  f o r  such p r o j e c t s  a s  the  Space S h u t t l e ,  HEAO, Skylab, and aeronaut-  
i c a l  veh ic l e s .  Information such a s  t h i s  i s  a l s o  important t o  many aerospace veh ic l e  
s t r u c t u r a l  and con t ro l  system des igners  i n  s tudying the  e f f e c t s  of wind speed var ia t ion5  
on the  prelaunch monitorship and wind b i a s ing  schemes, The a v a i l a b i l i t y  of t h i s  type oi 
information i s  a l s o  important i n  mission planning and ope ra t iona l  analyses  p lus  genera l  
meteorological  fo recas t ing  s t u d i e s ,  
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I a INTRODUCTION 
When launching v e r t i c a l l y  r i s i n g  veh ic l e s ,  it i s  des i r ab le  t o  pre- 
d i c t  what the  lower and upper atmospheric wind condi t ions  w i l l  be a t  the 
t i m e  of launch., S t a r t i n g  about 50 hours before and cont inuing t o  the  
time of launch a t  spec i f i ed  time i n t e r v a l s ,  MSfk ' s  Aero-Astrodynamics 
Laboratory personnel i n  the  Prelaunch Monitoring Group a re  respons ib le  
f o r  conducting vehic le  response s imulat ions which dup l i ca t e  the  t o t a l  
veh ic l e  dynamic and bending moment responses t o  the  Jimsphere wind 
v e l o c i t y  da t a ,  Perusal  of these sequen t i a l  runs i s  necessary t o  pre- 
d i c t  the  wind condi t ions l i k e l y  t o  occur a t  f l i g h t  t i m e .  This informa- 
t i o n  i s  used wi th  the  computed nominal bending moment curves t o  fu rn i sh  
the  predicted margin of s a f e t y  for  the e n t i r e  f l i g h t .  
Figure 1 i s  a composite of 1 2  FPS-16 radar/.Jimsphere wind p r o f i l e  
measurements on November 8 and 9 ,  1967 a t  Cape Kennedy, F lo r ida ,  i l l u s -  
t r a t i n g  the  prelaunch program a t  Marshall Space F l igh t  Center [l] e 
Jimspheres were released f o r  the Saturn 5Ol/Apollo launch on November 9 ,  
1967 (12002). The f i r s t  Jimsphere was re leased  a t  06132 on November 8, 
1967 and the  l a s t  r e l ease  i n  the sequen t i a l  run  was on November 9 ,  1967, 
12202 (20 min. a f t e r  launch), 
These 
The monthly and annual v a r i a t i o n s  of wind from 1.5-hour i n t e r v a l  
d a i l y  sequen t i a l  data  a r e  presented t o  b e t t e r  understand the  subjec t  of 
wind v a r i a b i l i t y  and improve predic t ions .  Not only a r e  the wind veloc-  
i t i e s  (ve loc i ty  changes a s  a funct ion of  height  and t ime, maximum wind 
speed, e t c . )  observed a s  the  data a re  c o l l e c t e d ,  but t he  r e s u l t s  of var ious  
environmental s t u d i e s  on the  lower- and upper-level winds a r e  a l s o  used 
t o  enhance the prelaunch wind ana lys i s ,  Included i n  t h i s  r epor t  a r e  
r e s u l t s  which a r e  use fu l  i n  pred ic t ing  ( s t a t i s t i c a l l y )  lower- and upper- 
l e v e l  wind change condi t ions  fo r  the  Cape Kennedy a rea ,  These r e s u l t s  a r e  
appl icable  only i n  the Cape Kennedy, Flor ida a rea  s ince there  a re  d e f i n i t e  
d i f f e rences  i n  lower and upper atmospheric wind flow condi t ions from 
place t o  place.  
11. DATA SOURCE AND ANALYSIS 
The d a i l y  sequen t i a l  Jimsphere r e l eases  a t  Cape Kennedy were analyzed 
a s  follows. Each sequen t i a l  s e t  of wind p r o f i l e s  was used a s  an inde- 
pendent sample of da t a ,  Normally, the bal loon r e l e a s e s  a re  about 
1.5 hours apa r t .  Since the hourly sequent ia l  runs may be g r e a t e r  
or even less than  one hour, a rt 45-minute to le rance  between r e l ease  
times of the  bal loons was used, Spec i f i ca l ly ,  the  following c l a s s i -  
f i c a t i o n  was used t o  i d e n t i f y  the ba l loon ' s  r e l ease  elapsed time 
o m  oc) 
r l m  
o m  
5 
2 
f o r  the  sequen t i a l  wind p r o f i l e  d a t a ,  O f  course,  the f i r s t  Jimsphere 
ba l loon  of  each sequence was i d e n t i f i e d  a s  t he  zero hour r e l ease .  








12 ,o  
0.75 - 2.24 
2.25 - 3.74 
3.75 - 5.24 
5.25 - 6.74 
6.75 - 8.24 
8.25 - 9.74 
11.25 - 12.74 
J.. 
d. 
A t  = 1.5 h r  
Time i n  hundredths of h r s ,  
ik* 
The f i r s t  bal loon of each sequence was i d e n t i f i e d  a s  the zero-hour 
r e l ease .  Again, t he  second r e l e a s e  was i d e n t i f i e d  a s  zero-hour r e l e a s e .  
A s  an example, i n  a sequence of four  Jimsphere r e l e a s e s  a t  1.5 hours 
a p a r t  a t  1200, 1330, 1500, and 16 0 ZULU, t he re  were th ree  observa t ions  
separated by 1.5 hours,  two observat ions separated by 3.0 hours and 
one observat ion a t  a A t  of 4,5 hours,  
The da ta  were grouped i n t o  f i v e  l a y e r s ,  namely, 1-5, 5-10, 10-15, 
and 15-20 km. I n  add i t ion ,  a grouping was made f o r  the 0.2 t o  1 km 
l a y e r ,  Sca'lar wind speed a t  each 25-meter height  i n t e r v a l  was used 
within each  5-km l aye r ,  Example s c a l a r  winds a t  1000, 1025, 1050, 
1075, ..., 4975 meters w i l l  appear i n  the  1-5 km a l t i t u d e  group. This  
procedure was followed f o r  each of t he  f i v e  l aye r s .  The data  computa- 
t i o n  was the  same a s  presented i n  re ference  2 ,  w i th  one except ion,  i e e . 9  
ana l y s i s .  
3 
A s  an example, fo r  the f i r s t  reading (W,) f o r  a given sample of sequen- 
t i a l  da t a ,  the  wind speed c l a s s i f i c a t i o n  was determined a s  follows [2]: 
0 t o  9.9 m sec' 1 
10 t o  19.9 m sec- l  
Class  S1 
Class S2 . . . . 
Class S 8  80 m s e i - l  and above. 
The wind speed d i f f e rences  between the  Wo reading and the succeed- 
ing readings fo r  t he  same a l t i t u d e  were tabula ted :  
BW = w - wo 
nAt 
where A t  = 1.5 hr .  and n = 1,2,3,4, ..., 8. The s ign  of AW was 
maintained, 
A l l  of the  AW fo r  each of the independent s equen t i a l  runs during 
each month were grouped i n t o  t h e  f i v e  l aye r s ,  respec t ive ly .  A cumulative 
frequency d i s t r i b u t i o n  was then computed f o r  each monthly group. From 
t h i s  d i s t r i b u t i o n ,  d i s c r e t e  l e v e l s  (1.0, 5.0, 10.0, 25.0, 50.0, 75.0, 
90 ,0 ,  95,0, and 99.0 percent)  can be determined. These r e s u l t s  a re  
presented i n  Tables l a  through 12e. 
The r e s u l t s  presented i n  the  t a b l e s  a r e  wind speed d i f f e rences  
c l a s s i f i e d  according t o  the i n i t i a l  requirements. These d i f f e rences  
w i l l  not  be exceeded during the  percentage of t i m e  equal t o  the 
p robab i l i t y  l e v e l  of occurrence. For example, i n  Table l b  the  value 
given f o r  January,  1-5 km l aye r ,  0-10 m see-1, 3.0 hr lapse t i m e ,  and 
90 percent l e v e l  i s  3 .3  m sec- l ,  Therefore,  i t  i s  t o  be expected t h a t  
90 percent of the  t i m e  the  wind s eed ( fo r  the s t a t e d  condi t ions)  w i l l  
not increase  more than 3.3 m secmYs i .e . ,  i f  t he  wind speed was 5 m sec" 
a t  a given t i m e ,  then 3.0 hours l a t e r  it could be less than  o r  equal  
t o  8,8 m sec""l fo r  90 percent of the  t i m e .  
was obtained from the cumulative frequency d i s t r i b u t i o n  a s  explained 
i n  the  preceding paragraph. 
This value of 3.3 m sec- l  
d 
The number of observat ions (wind p r o f i l e  va lues)  used t o  compute 
the  respec t ive  increas ing  and decreasing wind speed values  i s  given 
a t  the bottom of each t ab le ,  
111, ACCURACY OF DATA 
A s tudy of the accurac ies  of wind da ta  measured by the FPS-16 
radar/Jimsphere method i s  presented i n  r e fe rences  3 and 4 .  There has  
been no attempt t o  t r y  t o  determine the s t a t i s t i c a l  accurac ies  of the  
wind speed d i f f e rences ,  However, t he  confidence placed i n  the  t a b u l a r  
va lues  decreased outward from the  cen te r  value (50,O percent) ;  i .e.,  
the  l e a s t  amount of confidence should be placed i n  the  extreme l e v e l s  
(1.0 and 99.0 p e r c e n t i l e s ) ,  Furthermore, the  number of observat ions 
g ives  a measure of the s t a t i s t i c a l  confidence t h a t  may be placed i n  
the  r e s u l t s  obtained.  Thus, l imi ted  confidence should be placed i n  
t a b l e s  having less than  about 30 observa t ions ,  A s  ind ica ted  i n  
re ferences  3 and 4 ,  the  RMS e r r o r  i n  the  JimsphereIFPS-16 radar  
measured wind da ta  i s  on the  order  of 0 - 5  m sec - l ,  The eva lua t ion  
of  t he  FPS-16 radar/Jimsphere system was based on da ta  acquired dur ing  
normal range ope ra t iona l  use of the  t racking  radar  because, i f  the 
system i s  t o  be r e a d i l y  useable a t  var ious  loca t ions ,  an e s t i m a t e  is  
des i red  of the opera t ion  system accuracy without  imposing c o n s t r a i n t s  
r e l a t i v e  t o  s p e c i a l  t r ack ing  techniques,  e t c .  
IV. COMMENTS 
___-- - _ _  - .- 
The monthly and annual percentage l e v e l s  of wind speed d i f f e r e n c e s  
presented i n  t h i s  r e p o r t  were obtained from monthly sequen t i a l  p r o f i l e s  
of FPS-16 radarIJimsphere wind p r o f i l e  da t a  from December 1964 t o  J u l y  
1970, Cape Kennedy, F lo r ida ,  
t o  t he  spec i f i ed  a rea  and immediate surroundings of KSC. 
presented w i l l  be a u s e f u l  a i d  t o  the  meteorologis t  i n  p red ic t ing  atmos- 
pher ic  winds and wind speed v a r i a b i l i t y  f o r  aerospace veh ic l e  launch 
opera t ions .  
i n  studying the  des ign ,  launch, and f l i g h t  response of veh ic l e s .  
Therefore,  the  da t a  a re  d i r e c t l y  appl icable  
The r e s u l t s  
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